Absfmct-This paper reports on the off-state drain (GIDL) and gate current (Tg) characteristics of n-channel MOSFET's using thin thermal oxide (OX), NZO-nitrided oxide v 2 O N ) , and NzOgrown oxide ( N m ) 
I. INTRODUCTION ATE-INDUCED drain leakage (GIDL) and off-state gate G current (I,) in thermal oxide [l] - [4] and NH3-nitrided gate oxide (NO) [5] have been studied previously. Band-toband (B-B) tunneling in the low-field regime and avalanche effect in the high-field region have been identified to be the origin of GIDL [ 11- [3] . The I, in conventional thermal oxide n-channel MOSFET's has been attributed to Fowler-Nordheim (F-N) tunneling of electrons from the gate for Si02 thinner than 100 A, and to hot-hole injection from the drain for thicker oxide [4] . In [5] , hot-hole injection model and nitridationinduced barrier height lowering effect were used to account for the enhanced I, in NO n-channel MOSFET's. On the other hand, an NzO-based nitridation technology has been intensively studied recently as a more promising alternative to NH3-nitridation because of its simpler processing and the absence of detrimental hydrogen-related species in the nitridation ambient [6] [7] [8] [9] . Nevertheless, the off-state gate current characteristics in MOSFET's with NzO-based gate oxide has not yet been reported in literature, and this work attempts to shed some light on this aspect.
U. EXPERIMENTAL
The n-MOSFET's used in this study were fabricated on p-type (100) Si wafer (6 -8 Q-cm) using self-aligned n+ poly-Si gate process. Following LOCOS active area definition, channel doping (-2 x 1017 was controlled by boron implant through a sacrificial oxide. Then, three kinds of gate dielectrics were prepared: Thermal oxide grown at 85OOC for 70 min in dry 0 2 was used as control samples (OX). NzOnitrided oxide (N20N) was formed by first grown at 850°C Drain voltage (V) Fig. 4 is the measured I , after different stress time of channel hot-electron injection.
Ig decreases as the electron injection and trapping proceed Off-state Ig is not affected during the whole hot-hole injection stress since the gate current conduction is essentially not related to the holes but electrons only. A possible explanation for the absence of shallow-trap-assisted tunneling in the N20N samples is that the growth kinetics for NzO-grown and N20-nitrided oxides are different in the initial period [12] . For the NzO-grown oxides, there exists an initial accelerated growth phase before the linear growth region. This rapid growth can generate lots of defects, such as shallow electron traps in the N20G oxide, which trigger the observed low-field gate leakage. While for the NzO-nitrided oxides, the initial accelerated growth phase does not exist, especially when the initial oxide thickness is larger than around 50 A (e.g., our N20N samples).
IV. SUMMARY
off-state gate current of n-channel MOSFET's with OX, N20N, and N20G oxides as gate dielectrics was investigated in this work. It is revealed that gate current conduction mechanism in low-field region is very different for these oxides. Enhanced conductivity is observed in N20G oxides, which is attributed to the trap-assisted tunneling mechanism. Therefore, the method of nitridizing pre-grown thermal oxide (N20N) is more feasible than directly growing oxide in N 2 0 ambient (N20G) in view of the drain and gate leakage currents, especially in leakage-sensitive applications, such as very-lowpower battery-based circuits, DRAM cells, and the like.
